A series of 40 tumors with a proven diagnosis of squamous cell carcinoma for which both histology and cytology were available were classified according to their histologic appearance as well differentiated, moderately differentiated, and poorly differentiated. The Romanowsky-stained cytology specimens were reviewed. When available, Papanicolaou-stained smears were included. The cytologic findings for each of the 3 groups are described, and the most significant findings are photographically illustrated.
Squamous cell carcinomas (SCC) are epithelial tu-1) Well-differentiated tumors: Tumor cells frequently mors commonly arising from the skin 3 or in organs with stratified squamous epithelium, such as tongue, esophagus, pharynx, nasal septum, 17 and uterine cervix. 18 Several species can be affected, and at least 3 histologic subtypes can be found in domestic animals: 2 well differentiated, moderately differentiated, and poorly differentiated. 17 In 1 series of 555 cutaneous tumors, 33 SCCs were found; 20 were well differentiated, 4 were moderately differentiated, and 9 were 3 poorly differentiated. 3 Although there are some publications dealing with the cytologic diagnosis of SCC, 1, 5, 12, 15 the cytology of these tumors has not been thoroughly described, nor has emphasis been placed on the staging of SCC by means of cytology. Cytologic diagnosis has attained an important position in veterinary medicine, and a more detailed study of SCC cells with emphasis in the degree of differentiation is necessary to be able to render a more accurate prognosis based upon cytologic examination. In the present study, the cytology of SCC in domestic animals is described in detail.
Materials and methods
A series of 40 histologically proven squamous cell carcinomas from 20 dogs, 7 cats, 7 horses, and 6 cows were selected. The tumors were graded according to their histologic appearance on hematoxylin and eosin (HE)-stained sections as well differentiated (WDSCC), moderately differentiated (MDSCC), and poorly differentiated (PDSCC). The arranged in whorls (pearls) with intensely eosinophilic keratinized centers. Many intercellular bridges throughout the section. Moderately differentiated tumors: Cells frequently arranged in cords or nests; few whorls present, a few of which contained little eosinophilic comified material. Cells with intercellular bridges infrequently seen. Poorly differentiated tumors: Only a few individual cells are keratinizing; cord formation is common. Cells are generally smaller than in other subtypes of SCC.
The Romanowsky (Wright)-stained cytology smears of each group were reviewed. When available, Papanicolaou-stained smears were also included. The Papanicolaou staining procedure was modified as recommended by the University of Rochester Medical Center. 8 The methods for the collection of the cytology specimens are shown in Table 1 . The most representative cytologic features of all groups were photographed a and are described. the cytoplasmic angles were so pronounced that the Anatomic location biopsy method* tiation † minute deep-purple granules were also seen, or the entire cytoplasm had a pink to reddish tinge. In some cells, the cytoplasm appeared abruptly to become pale towards the periphery (Figs. 1C, 1D, 2B). In large flakes, nuclei could be partially obscured by multiple refractile granules of various sizes. Nuclear outline was usually irregular, with multiple dents and blebs. Some cells were binucleated (Fig. 2 ). Chromatin was distributed in irregularly shaped chromocenters and nucleoli were difficult to visualize. In WDSCC, flakes predominated and constituted roughly more than 50% of the nucleated cells. Also, there were more flake cells than in the MDSCC. Round to oval cells constituted an important population (roughly up to 30%) in the WDSCC. In these cells, a relevant feature was the occasional presence of rings in the cytoplasm (dyskeratosis), which separated it into 2 or more distinct areas (ectoplasm and endoplasm) ( Fig. IF, 1G ). These rings were found mainly in round cells and much less frequently affecting elongated cells. In round cells, however, the change encircled the nucleus completely, forming 1 or more rings in the cytoplasm. Dyskeratosis was easily seen with Romanowsky's (Wright's) stain ( Fig. lC, 1D ). Round cells had hyperchromatic chromatin and frequently large, multiple nucleoli of various shapes (Fig.  2F ). Some caudate cells had extremely long cytoplasmic processes, reminiscent of a comet. These cells have been termed tadpole cells by some authors. 4 The lodging of cells into another cell (emperipolesis) was a common finding in WDSCC ( Fig. 1H -J). With Papanicolaou's stain, SCC cells stained pale orange to blue or green. The more comified the cell, the more intense the orangeophilia, which could even reach an intense red. At low-power examination, wellcornfied pearls were easily detected because of their yellow-orange centers. Cells from the stratum germinativum stained pale blue. All nuclei stained brownish blue, except those that were very pyknotic. Erythrocytes stained bright orange; the cytoplasm of leukocytes stained greenish. Dyskeratotic changes were demonstrated better than with Romanowsky's stain ( Fig.  1F, 1G ), especially in thick cellular clusters, because of the better clearing and see-through capability allowed by wet fixation.
MDSCC. Overall, MDSCC had less tendency to form flakes and a more pronounced tendency toward forming round or oval cells (Fig. 3) . These cells constituted usually > 50% of all the nucleated cells. The cells were arranged in sheets or pairs or were separated from each other. Tadpole cells were found occasionally * FN = fine needle biopsy; F1 = Plush; Br = brush biopsy; Imp = impression smear; TN = thick needle. † PD = poorly differentiated; MD = moderately differentiated; WD = well differentiated.
( Fig. 3C-E ). In those cells in sheets or pairs, a clear junction could be seen between the cells (Fig. 3B ). When the cells were not crowded, this failure of the cells to separate was good evidence of epithelial origin. Most cells had much less cytoplasm than did those in WDSCC but still enough to produce a medium to low nucleus: cytoplasm ratio. The cytoplasm sometimes contained minute colorless granules. Nuclei tended to be round. Cellular aggregates composed of concentric layers of cells (pearls) (Fig. 4A ), as well as rafts ( Fig. 4B ), were sometimes seen at low power. In pearls and rafts, the cells frequently had a perinuclear ring of colorless keratohyaline granules (Fig. 4C ). In the pearls, the concentric arrangement was demonstrated better with Papanicolaou's stain.
PDSCC. When these tumors were on the skin, they were frequently ulcerated, with extensive areas of necrosis; therefore, cytologic preparations had a background full of nuclear strands from disintegrating cells and a prominent population of neutrophils. The predominating tumor cell population was composed of round or oval cells with a pale blue to gray cytoplasm ( Fig. 5A, 5F ), which occasionally had colorless granules close to the nucleus (Fig. 5D, 5E ). The cytoplasmic outline was well defined. A small percentage of the cells had an incipient tail formation (Fig. SC) . Few cells were multinucleated (Fig. 5B ). Nuclei were round to oval, and chromatin was arranged in very small chromocenters. Nucleoli showed marked variation in size and shape from nucleus to nucleus and within the same nucleus. Some of these nucleoli were very large, frequently as large as an erythrocyte in diameter or, in a few cases, up to 2-2.5 times that size ( Fig. 5G ). Emperipolesis was seen occasionally (Fig. 5G ). Flakes were very rarely seen in this type.
Discussion
Grading of SCC can be accomplished by cytology in veterinary medicine and could save valuable time, allowing the practitioner to initiate a therapeutic appreach. In human medicine, this grading is already being done, and a detailed cytologic study of the various subtypes of SCC is available. 16 In the present study, overall, a marked predominance of large, markedly angular nucleated squames with nuclear features of malignancy was suggestive of a WDSCC. Predominance of medium-sized round to oval cells with a high nucleus : cytoplasm ratio, malignant looking nuclei, and clear-cut cytoplasmic evidence of squamous origin was suggestive of a MDSCC. Predominance of small round cells with a very high nucleus : malignant-looking nuclei with granules Grading cytopla a few sm ratio and keratohyaline in the cytoplasm was suggestive of a PDSCC. should be attempted only after a thorough examination of the entire smear, because tumors frequently contain areas that vary in their degree of differentiation. Thus, during the aspiration biopsy the needle should be redirected several times to obtain as a sample as possible. ng a diagnosis of SCC, carcinoma with represen When tative maki squamous differentiation and papilloma should also be considered. In papillomas, the nuclear morphology dogs and cats, the ifying epithelioma should possibi indicate lity of an a benign process. In intracutaneous corn (ICE) (or keratoacanthoma) should also be considered. Although histologically ICE may be mistaken for a WDSCC, 6 an ICE rarely exceeds 4 cm in diameter and frequently has a crater or pore plugged with keratin debris. Cytologically, an ICE would not resemble either an MDSCC or a PDSCC. The differentiation between WDSCC and ICE is possible by cytology, because ICE cells would not look malignant and are frequently accompanied by many keratin anucleated flakes. Epidermal inclusion cysts (EIC) may show atypical squamous cells after the area has been irradiated. However, EIC commonly contain many cholesterol crystals, anucleated squames, and squamous debris. Cholesterol Group of tumor cells that still maintain cohesiveness. In the original specimen, the darker cells had a pink to reddish tinge in the cytoplasm. C. Group of cells with a more advanced cornification. Note the multiple granules that surround some nuclei. D. Giant elongated tumor cell with a medium nucleus : cytoplasm ratio and a malignant-looking nucleus. Nucleolus is larger than a red blood cell. crystals were not seen in any SCC in this study. Acanthotic adamantinomas may have squamous islands and sometimes form pearls. 10 The presence of tadpole cells is indicative of a very dysplastic epithelium, and although it is suggestive of SCC, it is neither diagnostic nor a constant finding. It has been recommended that the tadpole outline be used only to establish squamous origin and that once this has been done the nucleus should be carefully evaluated to diagnose malignancy. 2 In humans, tadpole cells were present in only 0.7% of 6,000 SCC cells. 14 However, in humans, the finding of tadpole cells together with malignant nuclear features guarantees a diagnosis of SCC. 4 In the present study, tadpole cells were found mainly in the WDSCC and to a lesser degree in the moderately differentiated type. Human Figure 5 . Poorly differentiated squamous cell carcinoma from the skin of a dog. Wright's stain. A. Group of tumor cells that failed to separate. Note the high nucleus : cytoplasm ratio and the very large nucleoli. B. Multinucleated tumor cell (center) and 4 round cells. Many strands of nuclear material are present. C. Two tumor cells with incipient cytoplasmic tail formation, which is most noticeable on the cell at right (arrows). This cell is an early tadpole. D. Binucleated round cell with discrete dyskeratosis and a few granules (arrow) near the nuclei. Note the similarity between the granules of this cell and those of the cell in Fig. 2F . E. Elongated cell with high nucleus: cytoplasm ratio, prominent nucleolus, and few coarse granules overlying the nucleus (arrow). F. Group of hyperchromatic cells with high nucleus: cytoplasm ratio. G. Emperipolesis by tumor cells. The larger cell has a huge nucleolus (top), which is nearly twice the diameter of a red blood cell. This type of cell most likely corresponds to those cells with huge empty-looking spaces that can be found in SCC. SCC cells typically exfoliate singly, 2 and that is how most of the cells in this study were found. However, cells still attached to each other were found in all 3 types of SCC studied. In addition, large groups of concentrically arranged cells (pearls) were found in the WDSCC and, to a much lesser extent, in the MDSCC.
Emperipolesis was a common finding in WDSCC and MDSCC. However, it was infrequently seen in PDSCC, perhaps because most neoplastic cells in this type contain very little cytoplasm. In humans, emperipolesis is rarely seen in benign lesions. 19 There is not agreement on the significance of emperipolesis. Some authors believe that it represents true phagocytosis (cannibalism) by tumor cells 4 whereas to others, it represents a passive penetration of 1 cell into another to enjoy a temporary biochemical haven. 11 Emperi-polesis by tumor cells is far more common in SCC than in any other tumor in domestic animals (personal observation). Emperipolesis alone, however, has little diagnostic value unless accompanied by other cellular changes. To avoid a false-positive diagnosis, the cytologic criteria for malignancy should be followed strictly, especially when a marked inflammatory reaction is present because this reaction may create a toxic environment for the cells, increasing the number of squamous cells in karyolysis or pyknosis and therefore obscuring the criteria for malignancy. Chronic inflammation may irritate the epithelial cells and induce dysplasia (atypia). Whether all cases of dysplasia eventually progress to become carcinoma in situ is as yet unknown. Neither is it known if all cases of carcinoma in situ go through a phase of dysplasia before becoming malignant. Therefore, clear-cut guidelines to differentiate between these 2 entities have not been developed in veterinary medicine. According to Graham, 4 the basic difference between dysplasia and carcinoma in situ is that in dysplasia the cells have abnormallooking nuclei but normal amount of cytoplasm, whereas in carcinoma in situ the cells have malignant nuclei and less cytoplasm. Human carcinoma in situ cells have been termed third type cells and have been defined (in Papanicolaou's stained smears) as "round to oval cells with distinct malignant nuclei, and in which the distance from the nuclear border to the cell membrane is shorter than the maximum diameter of the nucleus." 4 The finding of dyskeratosis alone is not diagnostic of SCC, because it can be found in both benign and malignant lesions involving stratified squamous epithelium, including squamous metaplasia of other tumors. Dyskeratosis should only be used as evidence that an abnormal squamous component is present.
The aim of cytopathology should never be to completely replace histopathologic diagnosis but to issue as accurately as possible a preliminary diagnosis, allowing the clinician to prepare a therapeutic approach. Any time that a borderline lesion is found, a histologic study in HE-stained sections should be recommended. Some authors recognize a fourth type of SCC, the anaplastic type. 9 This type is too undifferentiated to be diagnosed accurately by cytology, and occasionally not even by routine histologic sections. 7 When a very anaplastic tumor is found, it is frequently impossible to decide if it is epithelial or mesenchymal by cytology. In these cases, a preliminary cytologic diagnosis of undifferentiated malignant tumor should be issued, and the final diagnosis should be attempted only after histologic examination. With the fast development of immunohistochemistry kits, many of which can also be used on cytology smears for tumor markers, those borderline cases may soon be diagnosed routinely directly on cytology specimens.
